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Driving Performance

Don C. Warrington, Ph.D., P.E., M.ASCE
Lecturer, Mechanical Engineering
University of Tennessee at Chattanooga

Introduction
●

●

Vibratory technology has been used for
both driven pile installation and
compaction since World War II
The key conundrum for driven piles has
been relating the performance during
installation to the axial capacity of the pile
during use
○
○

Several research efforts are underway to
attempt to bridge this gap
In spite of resources devoted to the effort, a
deﬁnitive answer suitable for use in
construction veriﬁcation has not been
arrived at

●

The use of vibratory technology was ﬁrst
actualized in the Soviet Union in the years
surrounding the “Great Patriotic War”
○

○

●

The two researchers who did the most to
develop the theory and the application of
these methods to driven piles (mostly sheet
piles) are D.D. Barkan and Yuri Neimark
Impact-Vibration hammers were also
developed, ﬁrst under S.A. Tsaplin

The ﬁrst pile driven in actual work were ﬂat
sheets for a cellular cofferdam for the
Gorky hydroelectric project in 1949

BT-5 Vibratory Pile Driver
Used at Gorky Project

●

●
●

Vibrator used elecric motors, typical with Soviet
and later Japanese and European machines
○ Hydraulically driven vibratory drivers were
ﬁrst introduced in the United States in the
late 1960’s
○ Interest in electric machines is reviving due
to environmental concerns
Screw-type pile clamp has been replaced with
hydraulic clamps
Static suspension is now standard on most
machines to dampen the vibrations to the crane
and to provide additional driving capability

Basics of Vibratory Pile Driving
●
●

●
●

Most vibratory hammers use
counter-rotating eccentric weights to
produce a sinusoidal force
The loosening of the soil (the mechanism
for which is not fully understood) allows the
driver and pile to sink into the ground by
their own weight
The response along the pile shaft and at the
pile toe is different, the shaft being the
most affected by the vibration
The eccentric moment, frequency and
dynamic force are the key parameters for
the vibrator itself

Shaft and Toe Resistance to Driving
●

The soil presents both shaft and toe
resistance to the weight of the system
○
○

●

●

The shaft resistance is the most affected by
the vibration of the machine
The toe resistance is not so much altered by
the vibration, but is an important
component to consider

Soviet researchers modelled the resistance
of the soil against both the vibrating force
and the weight of the system
The ﬁrst model presented in Tseitlin et.al.
(1987) is the model considered in this study

Assumptions of the Plastic Model of Tseitlin
et.al.
●
●

●

Pile and vibrating portion of hammer are one rigid body
○ This is still the common assumption of models for
non-resonant vibratory drivers, based on research
Both shaft resistance F and toe resistance R are purely plastic, i.e.
they have no elastic or spring component to them
○ Shaft resistance F is bi-directional, opposing the motion of the
pile
○ Toe resistance R is unidirectional and only acts when toe
moves into the soil
Static overweight inﬂuence (part of Q) does not interact with the
pile; this interaction is discussed in more detail in Warrington (2006)

Implementation of the Model
●
●
●
●
●
●

Although not explicitly stated, original model was probably done
by hand
Model is programmed using FORTRAN 77 with the assistance of
Maple V
Model generalised by use of dimensionless parameters related to
the dynamic force (q=Q/P, f=F/P, γ = R/P)
Object was to replicate (or not replicate) cases shown in original
monograph
Original monograph emphasised the net positive downward
deﬂection with each cycle (model is cyclic as opposed to
continuous)
In this model power consumption will be considered as well,
comparing it to the simpliﬁed viscous model used by the Soviets

Dimensionless displacement y as a function of q,
f=0.5, γ=0.7 (1), 1.0 (2) and 1.3 (3)

Power Parameters as a Function of q

Time Plot for One Cycle

Comparison of Performance in Driving Mode

Power Performance Plots

Displacement Variation Plot

Comments About the Solution
●
●

Model results for the single value of q are
virtually identical between original and
reconstructed results
Survey of q and f shows results that are
similar but not identical
○

●
●
●

“Existing mode” means minimum values of γ
for each point, which is shown on the graph
on the right

Power coefﬁcient values show a deﬁnite
peak, as is the case with the viscous model,
but results are within that model
Time plot shows the discontinous nature of
the piecewise model
Power requirements can be greater than
those predicted by the viscous model,
which can be observed in the ﬁeld

●

Comparison with Savinov and Luskin
(1960) Model
○
○

○

○

This model requires that the dynamic force
be greater than the shaft resistance
It has a minimum free-hanging velocity,
which is important for proper soil
ﬂuidisation; the numerical model does not
The numerical model can estimate the
average velocity at which the pile
penetrates the soil, which the Savinov and
Luskin model does not
The Savinov and Luskin model has ranges
for acceptable values of q

Conclusions and Postscript
●
●

●
●

The numerical model is probably
the simplest model possible for
vibratory pile driving analysis
The use of a purely plastic soil
model is the model’s greatest
weakness; it creates “rigidities” in
the model that don’t really exist in
the ﬁeld
Power consumption estimates
justify having power available which
is larger than the viscous model
The Savinov and Luskin Model is
conservative and does not estimate
the immersion velocity of the pile

●

●

●

●

Tseitlin et.al. (1987) address the
issue of the purely plastic toe, but
do not allow the toe to move
downward with each cycle, thus the
utility of the model is limited
They also propose a model which
allows for elasto-plastic response at
both shaft and toe, but do not
present any results
They also discuss a model which
allows for wave propagation in piles
and different soil properties at
different layers
Both of these will be included in
models moving forward

For further information visit vulcanhammer.info

